ABSTRACT COTA-ROBLES, EUGENE H. (University of California, Riverside). Electron microscopy of plasmolysis in Esche7ichia coli. J. Bacteriol. 85:499-503. 1963 The buffer contained Na2HP04, 7.0 g; KH2PO4, 3.0 g; NaCl, 4.0 g; MgSO4, 0.2 g; water, 1,000 ml; pH 6.8. Plasmolyzed cells were fixed in 10Cc/) formalin for 1 hr at 24 C. The cells were then centrifuged, and the pellet was resuspended in 1 ml of 1 % buffered OS04 (Kellenberger et al., 1958) plus 0.1 ml of 1% Tryptone. This mixture was maintained at room temperature for 16 hr. The cells were post-stained with 0.5 c0 uranyl acetate for 2 hr. After uranyl acetate staining, the cells were centrifuged, and the pellets were prepared for embedding in Epon 812 (Luft, 1961) or Vestopal WV (Kellenberger et al., 1958 
separation can be completed before the invagination of the cell wall is complete. These studies support the concept that these cells divide by constriction. The strength of the union between cell wall and cytoplasm is not uniform around the entire cell. It is strongest along the sides of these rod-shaped cells and weakest at one til) of the single cell. Thus, a single cell generally forms one cup-shaped vacuole in which the cytoplasm has collapsed away from one tip of the cell. Robinow's (1960) formalin for 1 hr at 24 C. The cells were then centrifuged, and the pellet was resuspended in 1 ml of 1 % buffered OS04 (Kellenberger et al., 1958) plus 0.1 ml of 1% Tryptone. This mixture was maintained at room temperature for 16 hr. The cells were post-stained with 0.5 c0 uranyl acetate for 2 hr. After uranyl acetate staining, the cells were centrifuged, and the pellets were prepared for embedding in Epon 812 (Luft, 1961) or Vestopal WV (Kellenberger et al., 1958) .
Ultrathin sections were cut on a Porter-Pllum microtome by use of glass knives. Occasionally, the sections were further stained with lead hydroxide (Watson, 1958 original observations of plasmolyzed cells were made in conjunction with the studies of Damino acid-induced spheroplasts of this organism (Cota-Robles and Duncan, 1962) . Consequently, I utilized 0.35 M sucrose in the observations described herein.
The pattern of plasmolysis in 0.35 M sucrose is quite striking when viewed by phase microscopy ( Fig. 1) . Here, one can see that the separation of the protoplast from the cell wall is not uniform. One cell demonstrates a plasmolysis vacuole at one tip of the cell. A cell with a central vacuole can also be seen in this figure.
This pattern is more clearly demonstrated in the series of electron micrographs contained herein. Figure 2, (Fig. 3) reveal that nuclear division need not be completed prior to invagination of the cell wall. The dividing cell depicted in this figure is one that was in the process of recovery from plasmolysis. Hints of separation of the protoplast from the tips of the cell can be observed.
The central vacuole is well depicted in Fig. 4 . Here, separation of the daughter protoplasts is complete, and the large central vacuole is bordered by a cell wall that is stretched out. One of the newly formed protoplasts presents a concave surface toward the center; the cytoplasm can be seen adhering to the cell wall to form a cupshaped plasmolysis vacuole. The plasmolysis vacuole may be both central and at the tip, as described in Fig. 5 . This figure demonstrates the beginning of an invagination of the cell wall. However, an unusual feature is that the invagination appears to be spatially disoriented with respect to the separation of the protoplasts. The same protoplast that appears to be out of place reveals a marked separation from the wall at the tip of the cell. Again, a cup-shaped vacuole is formed. It is my present belief that separation of daughter protoplasts occurs prior to complete invagination of the cell wall. The misplaced protoplast can be seen to possess a limiting membrane. This protoplast could have been drawn out of place as a consequence of the act of plasmolysis. Figure 6 offers support to the contention that protoplasts are capable of separating, under the influence of plasmolyzing conditions, prior to complete invagination of cell wall. Here, one can see that the central plasmolysis vacuole is completely formed, but that the separation of daughter protoplasts is uneven. A well-defined vesicle can be seen within the vacuole. A second vesicle can also be discerned. However, this structure is still joined to the protoplast. The nature of these vesicles is unknown, but they could be portions of the cytoplasmic membrane that have been pinched off. plasts has not progressed sufficiently to permit a central vacuole to form. The great separation at the sides, I believe, is a result of the preparative procedure which, in this instance, involved rapid dehydration. Discrete bridges of cytoplasmic material can be seen joining the cell wall along the side of the cell. The ill-defined vesicular structure that appears in the plasmolysis vacuole is of unknown origin. It could be of a similar origin to the structure that can be seen within the plasmolysis vacuole of the cell pictured in Fig. 8 .
Here, a portion of the protoplast remains in the vacuole, but it is connected by a thin bridge of cytoplasm to the main mass of protoplasm. It can be noted that the portion of cytoplasm remaining within the vacuole is not homogeneous. The extreme upper part of the plasmolysis vacuole of this cell contains a second structure whose origin is vague but which may be related to an ancillary aspect of these investigations: namely, the infection of plasmolyzed cells of E. coli with coliphage T2. Although the nuclear material is not as well resolved in this figure as in others, there seems to be a clear indication that the nuclear material has been completely partitioned prior to extensive invagination of the cell wall. Figure 9 is a more extreme demonstration of the plasmolysis vacuole which presents a concave surface to the tip of the cell. It appears as though the separation of the cytoplasm from the wall at the tip has been so forceful that the cytoplasm has collapsed, leaving a cup-shaped plasmolysis vacuole. From the foregoing observation, I believe that the protoplast of a growing cell of E. coli is not uniformly bonded to the cell wall. In fact, it appears to be bonded tightly along the sides of the cell, less tightly at one tip of the cell, and poorly, if at all, at the center of dividing cells in which protoplast separation has been completed.
If the cell has completed protoplast partitioning, a plasmolysis vacuole may occur centrally. It appears abundantly clear that protoplast separation may be complete prior to any extensive invagination of the cell wall between daughter protoplasts. From these observations, it appears that E. coli divides by constriction, i.e., by the invagination of cell wall between partially or completely partitioned protoplasts. There is no doubt that the partitioning of nuclear material is completed prior to any plasmolytically sensitive separation of the daughter protoplasts.
These conclusions should be contrasted with those of Conti and Gettner's (1962) recent description of cell division in E. coli.
One feature yet to explain is why the plasmolytic separation of protoplast from cell wall should be limited to one tip of the cell ( Fig. 1  and 9 ). Aside from invoking uneven physical strains, the only plausible explanation which comes to mind is that the association between wall and membrane may become more secure with age. The two tips of a single cell were formed at different times; perhaps the more recently formed tip has a more weakly bonded wall and cytoplasm, whereas the older tip has a more strongly joined wall and cytoplasm. Thus, newly partitioned protoplasts in a dividing cell would show weak bonding between wall and cytoplasm, permitting the formation of a marked central plasmolysis vacuole.
